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SM Higgs boson
• Gauge invariance: No mass term
• Mass of fundamental particles are given by Higgs boson

From theory
– Missing part of SM
– SM higgs mass is light 

From experiment:From experiment:
-- MMHH > 114.4 > 114.4 GeVGeV @95% CL @95% CL 
search by LEP2search by LEP2

-- MMHH < 166 (199) < 166 (199) GeVGeV @95% @95% 
CL global EW fittingCL global EW fitting

Center value Center value 
= 85 + 39 = 85 + 39 –– 28 28 GeVGeV

AllowedAllowed

Higgs selfHiggs self--coupling coupling 
divergesdiverges

unstable vacuumunstable vacuum

Tevatron can explore the mass range of 115 < MH < 185 GeV
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SM Higgs search at Tevatron

Analysis Strategy
mH < 135 GeV

WH/ZH WH/ZH +    +    HH bbbb

mH > 135 GeV
Gluon fusionGluon fusion +    +    HH WWWW

• Production
1. Gluon fusion (0.8 ~ 0.2 pb)
2. WH associated production (0.2~0.03pb)
3. ZH associated production (0.1~0.01pb)

• Decay
– mH < 135 GeV

H bb is dominant
– mH > 135 GeV

H WW 

top, Wbb, Zbb

WW, DY, WZ

BackgroundBackground
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Current Status of Higgs search at DØ

mode fLdt (pb)

ZH
eebb
µµbb
ννbb

840
920
260

WH
eνbb
µνbb

370
380

WH
WWW

ee + qq
eµ + qq
µµ+ qq

380
370
360

H WW
eνeν
µνµν
eνµν

950
930
950

mode fLdt (pb)

bh
bbb
bττ

880
340

h ττ µν +τh 1000

OthersOthers
h++ h++ tttt,  ,  HtbHtb, , 
tt(ttt(t HH++b, b, H+H+ cscs)  )  
H++ H++ µµ, µµ, eeee

SMSM MSSMMSSM

mode fLdt (pb)

V hfH γγγ(γ)X 1000
V+hfV γγ 190

FermiophobicFermiophobic
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DØ detector

protons

Electronics

Tracker Solenoid Magnet

3 Layer
Muon 
System

Preshowers|η| |θ|
Muon ID ~2 ~15o

Tracking ~2.5 ~5o

EM / Had CAL ~4 ~2o

Multi purpose detectorMulti purpose detector

New silicon detector for
improvement of b-jet ID
Installed last spring

Layer 0Layer 0
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Improvement on b-tagging

L xy
d 0

Primary
Vertex

Secondary
Vertex

• Characteristic of b-quark
– Lepton from semileptonic B decay 

(Br~10%)
– Longer lifetime, τ~1.6ps 

Travel distance from PV ~ 1mm

• Tagging Algorithms
– Secondary vertex reconstruction
– Impact Parameter based

• NN tagger
– Use these information as input of NN

33% gain with same fake rate of 0.5%
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Low mass SM Higgs:  ZH llbb

– e : pt>15GeV, 2 loose electron  
– µ : pt>15GeV, 2 loose  muon

New result!

datadata BG exp.BG exp. mmHH=115 =115 
ee 77 10.7 10.7 ±± 3.73.7

9.8 9.8 ±± 3.43.4
0.200.20

µµ 1111 0.170.17

fLdt = 920 / 840pb-1

After double NN bAfter double NN b--tag tag 

Combine e and Combine e and µµ, 1 tag + 2 tag, 1 tag + 2 tag
Modified frequentist approach (CLs) 
from dijet mass distribution

Mass window
e: −1.5σ ∼ 1.5σ
µ: −1σ  ∼  2σ

qq

qq

ZZ
ZZ

HH
bb

bb

e, e, µµ
e, e, µµ

Main BG: 
Z+jj, Z+bb
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High mass SM Higgs: H WW

) (rad)µ (e, φ ∆
0 0.5 1 1.5 2 2.5 3

-210

-110

1

10

 HIGGS MASS 160 GEV  (After Cuts 1-7) data

ττ →Z 

QCD fakes 

W W

ν l→W 

µ e→tt 

µµ →Z 

WZ/ZZ 

160 GeV Higgs (x10)

 HIGGS MASS 160 GEV  (After Cuts 1-7)

• Two isolated high pT leptons + missing ET
– ee, µµ, eµ channel are considered.

W+ e+

W- e-

ν

ν

Use Use Angular correlationAngular correlation

WW is daughter of scalar H.WW is daughter of scalar H.
Leptons from W tend to have Leptons from W tend to have 
same directionsame direction

No excess from BG exp in No excess from BG exp in ∆φ∆φ dist.dist.

fLdt = 930-950 pb-1

gg

gg

t WW

WW

HH νν
νν

e, e, µµ

e, e, µµ

MissingMissing
Main BG: 
gg WW

Can’t reconstruct H invariant mass

DataData BG exp.BG exp. mmHH=160=160
eeee 1010 10.310.3 ±± 1.5 1.5 0.420.42

9.8 9.8 ±± 1.61.6
eeµµ 1818 24.4 24.4 ±± 3.73.7 0.970.97
µµµµ 99 0.350.35
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Limits on SM Higgs production

• Latest ZH llbb is not included in these limits.
• New result of  WH lνbb and ZH ννbb will be coming soon.

Data/SM ~ 10Data/SM ~ 10
@ 115GeV@ 115GeV

Data/SM ~ 5Data/SM ~ 5
@ 160GeV@ 160GeV
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MSSM Higgs
• MSSM

– Two Higgs doublets to avoid anomaly
– 8 degrees of freedom – 3 (longitudinal pol. of W±,Z )

5 physical scalars (h, H, A, H±)

• Search for φφ ττττ
– Br(φ bb) ~ 90%,   Br(φ ττ)~10%

High QCD BG   l+had (17%x62%) 

TauTau IDID (hadronic τ decay)
– NN: 8 variables related to jet shape
– Train NN each topology separately

Performance: @ τ’s pt=15GeV 
τ hν: 60% with 2% fake, 

 τ hπ0ν: 60% with 4% fake,
 τ 3hν  : 40% with 3% fake

φ
At high At high tantanββ((=H=Huu/H/Hdd)), , σσ(h(h or H, A)or H, A)

is enhancedis enhanced

tt
φ bb

φ

σσ ~ 1/tan~ 1/tanββ σσ ~ ~ tantanββ

bb φ ττ++

τ τ −−

µµ++

νν
νν

hadronhadron
MW < 20 GeV
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MSSM Higgs  φ ττ

• φ ττ µυ+τh
– NN>0.9
– ∆Rµτ > 0.5
– MW < 20 GeV

• Main BG
– Z ττ
– QCD is well suppressed

New result!

DATA:  1141 DATA:  1141 evtevt..
MC    :  1287 MC    :  1287 ±± 130 130 evtevt..
Eff(Eff(φφ ττττ) : 1.4%) : 1.4%

fLdt = 1000 pb-1

Observed events are fully Observed events are fully 
consistent with expectationconsistent with expectation

No excess ~ 140 No excess ~ 140 GeVGeV
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New limit on MA vs tanβ

• To maximize sensitivity NN output is used in the limit calculation 
NN input:  Visible Mass, pT, pT (cal), pT (trk), ηµ, ητ

New result with 1fb-1

ττττµµ
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New search: Fermiophobic Higgs 
hf hf W γγγ(γ) X

• Fermiophobic Higgs search with         
SM VVhf coupling:
– LEP: e+e- Zhf mhf > 105 GeV

e+e- Ahf mhf +mA > 160 GeV
– TeV: qq V V+hf mhf > 82 GeV

• There is still possibility in 2HDM
tanβ>1, mhf < 90 GeV, mH < 200GeV

• Signature
pp hfH± hfhfW± γγγ(γ) X
pt1 >30 GeV, pt2 >20 GeV, pt3 >15 GeV

uu

dd WW hhff

HH
hhff

WW

hhff
γγ

γγ

mmHH = 150 = 150 GeVGeV
mhf = 50GeV= 50GeV

γγ

γγ
γγ

γγ

qq

qq

W/ZW/Z

VVVVhhff coupling 

pt pt γγ ((GeV/cGeV/c) ) 
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hf hf W γγγ(γ) X 

• Additional selection
HT > 25 GeV

Before applying HT cut

Observed Event  :         0      Observed Event  :         0      evev
Expected # of BG:  1.1 Expected # of BG:  1.1 ±± 0.2 0.2 evev
Acceptance         :     0.16 Acceptance         :     0.16 ±± 0.030.03

Limit:  Limit:  σσ = 25.3 = 25.3 fbfb @95%CL@95%CL
MMhf hf = 66GeV for m= 66GeV for mHH < 100 < 100 GeVGeV @ @ tantanββ =3=3
MMhf hf = 44GeV for m= 44GeV for mHH < 150 < 150 GeVGeV @ @ tantanββ =3=3
MMhfhf = 80GeV for m= 80GeV for mHH < 100 < 100 GeVGeV @ @ tantanββ =30=30
MMhfhf = 50GeV for m= 50GeV for mHH < 150 < 150 GeVGeV @ @ tantanββ =30=30

preliminary resultpreliminary result

New result

Invariant mass of Invariant mass of γγγγ (GeV/c(GeV/c22))

fLdt = 1000 pb-1

MC: 3.5±0.6
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Summary and Prospect

• No excess yet observed in data from BG expectation.
• Observed limit is getting close to SM expectation.
• We are currently improving our analysis

• bID performance much improved by using Neural Net
• Optimization of selection 
• Use Event shape:  NN, Matrix Element, etc…
• Increased acceptance 
• Jet energy resolution 
• Reduce systematic uncertainty
• Adding new channels
• Combine with CDF

• Increase statistics: 2fb-1 of data on tape, 
expect 4-8fb-1 by 2009.

NOW is time for Higgs search at NOW is time for Higgs search at TevatronTevatron!  Stay tuned!!  Stay tuned!
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Prospect

• 4~8fb-1 will be available by 2009
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MSSM parameter for φ ττ
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